In this work we present apparent molar volume, v and apparent molar adiabatic compressibility, values of sodium dodecyl sulphate (SDS) in DMSO and in DMSO solution of 0.25 % w/v 6-methyl-4(2-hydroxy-3-methoxyphenyl)-2-thioxo-1,2,3,4-tetrahydro pyrimidine-5 carboxylic acid ethyl ester (a pyrimidine derivative drug). The study was carried out over a temperature range (20-40 C) covering a wide range of SDS concentration (2 -11 mmol dm −3 . Being highly sensitive to the extrinsic experimental conditions, a difference observed in the SDS concentration dependence of both v and , values in pure DMSO and in 0.25% w/v DMSO solution of 6-methyl-4(2-hydroxy-3-methoxyphenyl)-2-thioxo-1,2,3,4-tetrahydro pyrimidine-5 carboxylic acid ethyl ester is regarded as being due to the differing extent of SDS -DMSO interactions; the data tend to indicate the existence of relatively strong SDS -drug interactions.
INTRODUCTION
Surfactants play a vital role in many processes of interest in both applied and fundamental science. Micellar solubilisation is one such important property of surfactant solution that its significance in pharmaceutical formulations, especially with respect to increasing the bioavailability of the drugs is well recognized. [1] [2] [3] However, one of the most important and fundamental aspects associated with this phenomenon is the relative involvement of hydrophobic and electrostatic interactions between the drug and surfactant molecule because this would account for the location of the drug molecule in the micellar interior. 4 In this regard, while the nonpolar molecules are solubilised in the micellar core, the intermediate polarity can get them accumulated in the interfacial micellar region.
Moreover, micellar region, being compatible with biomembranes, there has been considerable interest in treating drug-micellar system as a model system to provide a qualitative understanding of the passage of drug molecules through cell membrane. [5] [6] [7] [8] The physico-chemical studies of * Author to whom correspondence should be addressed.
drug-surfactant interactions are, therefore, of fundamental importance to add our understanding of the molecular mechanism of intermolecular interactions between the drug and biological membrane. Pyrimidines are known to be essential components of naturally occurring nucleic acids. In addition, they form integral part of biologically active synthetic compounds which are used as anti-bacterial, 9 anti-viral agents, 10 anti-tumor agents, [11] [12] [13] [14] [15] and as cardiovascular drug. 16 On the other hand, DMSO is a widely used protophilic dipolar aprotic solvent capable of dissolving both hydrophobic and hydrophilic solutes. 17 It is also extensively used as an extractant in biochemistry and cell biology 18 as well as being used as cryoprotector in denaturation of proteins, and as drug carrier across the cell in membranes. 19 In the present work, we report volumetric and compressibility studies of SDS in dimethylsulfoxide (DMSO) as well as in 0.25% w/v of the drug, 6-methyl-4(2-hydroxy-3-methoxyphenyl)-2-thioxo-1,2,3,4-tetrahydro pyrimidine-5-carboxylic acid ethyl ester in DMSO solutions; 6-methyl-4(2-hydroxy-3-methoxyphenyl)-2-thioxo-1,2,3,4-tetrahydro pyrimidine-5-carboxylic acid ethyl ester is the derivative of tetrahydropyrimidine, 8 and hence is of great significance from the viewpoint as mentioned above. 
EXPERIMENTAL DETAILS
The chemical used for the experiments, such as SDS and DMSO both were of AR grade were procured from s. d. fine Chem. Ltd, and used as received without further purification. In a typical experimental process, aqueous stock solutions of SDS of different molar concentrations in the range 2-11 mM were prepared by the addition of small aliquots of concentrated stock solution of SDS to 10 mL of 0.25% w/v drug solution prepared as a solvent medium. The details of the drug can be found in Ref. [8] . However, the molecular structure of the drug is mentioned in Figure 1 .
The solutions so obtained were gently stirred with magnetic stirrer before subjecting the solution to measurements. Density, d and speed of sound, v data of the SDS solutions thus prepared were obtained with a high -precision Anton Paar Density and Sound Analyzer-5000 (DSA -5000). However, the instrument was calibrated with de-ionized water obtained from a MilliporeElix system; the conductivity, and the pH of the water collected was (1-2 × 10 −7 S cm −1 and pH∼6.8-7 respectively. All measurements were carried out at 25 C. The reproducibility of speed of sound and density data was ±0.2 ms −1 and ±2 × 10 −6 gcm −3 respectively over the entire concentration and temperature range of measurements. The precision in temperature was ±0.001 C.
RESULTS AND DISCUSSION
The density and speed of sound data for SDS in pure DMSO and in DMSO solutions of 0.25% w/v of drug have been reported in Tables I and II . These data were, however used to calculate the apparent molar volume, v and apparent molar adiabatic compressibility, values of SDS in DMSO and in drug-DMSO systems over a wide concentration range of SDS, 2-11 mmol dm −3 and at different temperatures ranging from 20-40 C at interval of 5 C; both these properties are highly sensitive to the extrinsic experimental conditions and, therefore, are suggested to be relevant to extract the information, especially with regards to the existence of solute -solute and solute -solvent intermolecular interactions.
where m is the molality of the solution, which was calculated from the molar concentration data using the relation: Figure 2 shows the variation of v and as a function of SDS concentration in DMSO in the temperature range 20-40 C. It can be seen that both v and first decrease with increasing SDS concentration, reach a broad minimum between 6-8 mmol kg −1 and then increase with further increase in SDS concentration. This trend is found to be in contrast to that observed in water. 20 However, the appearance of a broad minimum around 6-8 mmol kg −1 of SDS in DMSO is an interesting observation for the following two reasons: (i) this concentration range corresponds to the critical micelle concentration value of SDS in aqueous medium 20 where the emphasis is placed on hydrophobic interactions deriving the surfactant molecules to undergo aggregation, and (ii) DMSO inhibits micellization of SDS in aqueous solutions 22 due to the extensive structural consequences of intermolecular interactions between water and DMSO. [23] [24] [25] Thus, in view of the above, and the fact that micellization of a given surfactant in non-aqueous solvents is not as favoured as in water, the minimum reported in Figure 2 cannot be assigned to the micellization of SDS in DMSO. Moreover, the properties of DMSO that make it an exceptional solvent are closely associated with its three distinctive functional features; the oxygen atom acts as hard Lewis base, sulphur atom acts as a soft Lewis base and the methyl hydrogen atoms act as very weak Lewis acids capable of interacting with nonopolar components of the substances or weak Lewis bases. 17 Thus, DMSO being a multifunctional molecule, the minimum in v and of SDS appears to correspond the existence of relatively complex intermolecular interactions between DMSO and SDS in this concentration range, which is indeed temperature dependent. A good correlation is found to exist between these two properties of SDS in DMSO.
Interestingly, no minimum is found to exist when v and values were examined as a function of SDS concentration in 0.25% drug solution of DMSO (Fig. 3) ; both these parameters can be seen increased consistently with the increase in SDS concentration over the entire temperature range. This information from Figure 3 can be taken as the indicative of formation of SDS complexed to drug molecule; on the basis of structural information of the drug and SDS molecules, the association appears to be dominated by intramolecular hydrophobic interactions between SDS and the drug molecule. It is, therefore, believed that the structure of the SDS/drug complex thus formed is relatively more accessible to the solvent (DMSO). However, in view of the solvent features of DMSO, as mentioned above, the enhanced affinity of the complex towards DMSO might be expected a reflection of increased hydrophobic character of the SDS/drug complex, explaining the negative values of SDS in the presence of drug (Fig. 3(b) ). This observation seems to confirm further the interpretation that the observed minimum in these parameters in absence of drug molecule is due primarily to the complex salvation of process occurring over the concentration range, 6-8 mmol kg −1 , which may not be attributed to the micellization of SDS in DMSO. An illustration of the effect of drug on the v and values of SDS in DMSO can also be depicted from Figure 4 , as a representative plot.
CONCLUSIONS
In this work we attempt to give a qualitative presentation of our results on interactions between SDS and 6-methyl-4(2-hydroxy-3-methoxyphenyl)-2-thioxo-1,2,3,4-tetrahydro pyrimidine-5 carboxylic acid ethyl ester a pyrimidine derivative drug molecule in DMSO a solvent of great significance in many respects. Our analysis of the data suggests that drug -SDS interactions are relatively much stronger than SDS -DMSO as well as drug -DMSO interactions.
